There are different herbal methods used for support in many cancer diseases. Lichens are important organisms containing unique herbal compounds and it is known that they have different anticancer activities. Starting from these features, the present study was aimed to investigate anticancer activity of friedelin (FRI), a lichen compound against glioblastoma multiforme (GBM) showed dangerous malignant properties within brain cancer species. It was used human U87MG-GBM cancer cell lines and primary rat cerebral cortex (PRCC) non-cancerous cells isolated from Sprague-Dawley rats in order to determine side effect level of FRI. In the experiments, cytotoxic (via 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and lactate dehydrogenase (LDH) tests), antioxidant (via total antioxidant capacity (TAC) test), pro-oxidant (via total oxidative stress (TOS) test) and genotoxic (via 8-hydroxy-2′-deoxyguanosine (8-OH-dG) test) activities of different concentrations of FRI were tested. As a result of the study, MTT assay revealed that FRI showed higher cytotoxic activity on U87MG cells compared to PRCC cells (median inhibitory concentration (IC50): 46.38 and 1271.77 mg/L, respectively). Based on U87MG cells, it was determined a significant positive correlation between LDH and TOS activities. High positive correlation between TAC and cell viability on healthy PRCC cells exhibited antioxidant capacity of FRI. Consequently, the results obtained from the present study proved the potential of natural product with an antioxidant capacity as a source for anticancer compound against GBM. 
Introduction
Astrocytoma is the most common glioma and constitutes half of primary brain and spinal tumors. It is usually located in the brain, although it is all over the central nervous system (Somasundaram et al. 2005) . The astrocytoma seen at all ages is common in adults and more commonly in middleaged men. Otherwise, astrocytomas located in the brain stem are often seen in children and young adults and cause a large proportion of childhood tumors (Omar and Mason 2012) . Among astrocytomas classified as low-grade astrocytoma, glioblastoma and anaplastic astrocytoma, glioblastoma known also as glioblastoma multiforme (GBM) is the most aggressive and common tumor type (Rao et al. 2014) . GBM, the fastest growing astrocytoma type is most commonly found in brain, frontal and temporal lobes and there are dead tumor cells seen as necrosis in the field of GBM. GBM patients generally lose their lives in the first fifteen months (Ohgaki and Kleihues 2007; Smoll et al. 2013) . Among the main treatment methods, chemotherapy, radiotherapy and surgery are the most important ones (Clarke et al. 2013) . With surgery, it is essential to remove as much tumor as possible without damaging the patient, but it is not possible to completely clean the tumor (Reed 2009 ). The aim of radiotherapy and chemotherapy is to kill the proliferating tumor tissue and these methods are generally used as combined (Bosset et al. 2006) . Scientists have been searching for different ways for years because of the fact that radiotherapy and chemotherapy treat to a certain level and later causes side effects on different tissue and organs such as musculoskeletal (Mavrogenis et al. 2010) , cardio (Perrino et al. 2014 ) bone marrow and gastrointestinal tract (Giglio 2010) .
In recent years, combined treatment methods created by adding natural products to basic treatment processes as well as many different activities (Emsen et al. 2016b; Dogan et al. 2017 ) of herbal products have been gaining importance (Karatas et al. 2015) . Many studies have shown that the side effects of plant components used on different cancer cells are low (Kour 2014; Emsen et al. 2016a) . Because of their characteristic biochemical and ecological characteristics resulting from their symbiotic systems, lichens are one of the most important potential organisms for which plant-based drug substances can be obtained (Brodo et al. 2001) . One of the most interesting aspects of lichen biology is that lichens produce hundreds of secondary compounds, and almost all of them are specific to lichens (Boustie and Grube 2005) . These special ingredients add many different biological activity properties such as antibacterial (Abuiraq et al. 2015) , antioxidant (Sundararaj et al. 2015) , antimutagenic (Koçer et al. 2014) , antiviral (Odimegwu et al. 2015) and insecticidal (Emsen et al. 2012 to the lichens. Furthermore, there are a lot of studies on the anticancer activity of lichens while looking for alternative treatment methods and medicines against various cancer diseases such as human melanoma, colon carcinoma (Manojlović et al. 2012; Grujičić et al. 2014) , breast, pancreatic cancer (Einarsdóttir et al. 2010 ), Burkitt's lymphoma (Shrestha et al. 2015) , lung and prostate carcinoma (Bézivin et al. 2004) . However, no report so far has found anticancer activity of friedelin (FRI) (Feng et al. 2009; Laxinamu et al. 2013) , one of the compounds of Usnea longissima Ach., an important medicinal lichen (Bai et al. 2014) , against human GBM U87MG cells. Thus, the aim of the present study was to evaluate cytotoxic, oxidative and genotoxic effects of FRI on cancerous U87MG as well as healthy primary rat cerebral cortex (PRCC) cells.
Materials and Methods

Test compound
FRI (Cas: 559-74-0, C30H50O) was purchased from Sigma-Aldrich Group, Germany. The compound was diluted to different concentrations (3.125, 6.25, 12.5, 25, 50, 100 and 200 mg/L) with 2% DMSO. 
Neuron cell cultures
3-(4,5 -dimethylthiazol -2 -yl) -2,5 -diphenyltetrazolium bromide (MTT) assay
The cells were incubated at 37°C in a humidified 5% CO2/95% air mixture for 48 h and exposed to FRI with various concentration (3.125, 6.25, 12.5, 25, 50, 100 and 200 mg/L) . Commercially MTT kit (Cayman Chemical Company, USA) was used for this assay. The cell cultures were exposed to MTT reagent and incubated at 37°C in CO2 incubator for 4 h. Crystals of formazan were dissolved with this solution. Formazan intensity was measured at 570 nm. Positive control was mitomycin-C chemotherapeutic agent for MTT assays.
Lactate dehydrogenase (LDH) release assay
Commercially LDH kit (Cayman Chemical Company, USA) was used for this assay. The relevant wells were treated with LDH standard and medium. Then, LDH reaction solution was used. The plate with the cells was incubated at room temperature. The plate was read at 490 nm. Positive control was mitomycin-C chemotherapeutic agent for LDH assays.
Total antioxidant capacity (TAC) assay
TAC levels in the cells for 48 h were measured by commercially TAC kit (Rel Assay Diagnostics, Gaziantep, Turkey). The aim of kit assay is to reveal antioxidant levels of samples by inhibiting formation of a free radical, 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) compound. Medium on the cells was used. First spectrophotometric reading was performed adding standard solutions and Reagent 1 solution at 660 nm. Next reading was performed at 660 nm. Positive control was ascorbic acid from organic antioxidant compounds for TAC assays. The assay is calibrated with a stable antioxidant of vitamin E analogue called Trolox equivalent. The calculations were performed using the formulas included in the kit.
Total oxidative stress (TOS) assay
TOS levels in the cells for 48 h were measured by commercially TOS kit (Rel Assay Diagnostics, Gaziantep, Turkey). Complexes with ferric ion are oxidized to ferrous ion by oxidants presented in the sample. The oxidation reaction is performed by strengthening molecules in the reaction medium. Ferrous ions form a colored structure with chromogen in the acidic environment. The color intensity measured spectrophotometrically is related to total amount of oxidant molecules in the sample. First spectrophotometric reading was performed adding standard solutions and Reagent 1 solution at 530 nm. Next reading was performed at 530 nm. Positive control was hydrogen peroxide (H2O2), reactive oxygen species for TOS assays. H2O2 was used for calibration. The calculations were performed using the formulas included in the kit.
Oxidative DNA damage assay
Commercially 8-hydroxy-2′-deoxyguanosine (8-OHdG) kit (Cayman Chemical Company, USA) was used for DNA damage in the cells. 8-OH-dG is the form of oxidized guanine (Gan et al. 2012) . Experimental stages were carried out considering the kit procedure. Positive control was mitomycin-C chemotherapeutic agent for oxidative DNA damage assays. The purpose of this assay is determining of oxidative DNA damage in the cells via calculation of 8-OH-dG level. The calculations were performed using the formulas included in the kit.
Statistical analyses
All the experiments were run in triplicate. Diverse activities of FRI, positive and negative controls were elucidated with analysis of variance followed by appropriate post-hoc test (Duncan test) and differences were accepted as statistically significant at p < 0.05. Probit regression analysis was used in order to calculate median inhibitory concentration (IC50) values. Relations among the variables were tested by bivariate correlation analysis. Statistical Package for Social Sciences (SPSS, version 21.0, IBM Corporation, Armonk, NY, USA) software was used for the calculations. (Figure 2 ).
Results
Cytotoxic activities
Antioxidative activities
Antioxidant properties of FRI on PRCC and U87MG cells were determined with TAC analysis. There were no treatments reducing TAC in PRCC cells. Moreover, based on control -, the concentrations of 3.125-25 mg/L statistically (p < 0.05) enhanced TAC level in PRCC cells ( Figure 3a) . As shown in Figure  3b , while the concentrations of 3.125 and 6.25 mg/L of FRI took attention with their poor TAC (14.34 and 15.51 Trolox equivalent/L, respectively) for U87MG cells, TAC level did not statistically (p > 0.05) rise with high concentrations of FRI compared with control -except for 100 mg/L.
Total oxidative stress activities
Based on TOS levels on both PRCC and U87MG cells, it was measured that positive control, H2O2 had maximum TOS activity while control -showed the lowest TOS level. Additionally, TOS levels in the cells were not significantly (p > 0.05) increased by FRI treatments. The closest values to that of H2O2 for PRCC and U87MG cells belonged to the concentrations of 100 (2.56 µmol H2O2 equivalent/L) and 12.5 (2.66 µmol H2O2 equivalent/L) mg/L, respectively (Figure 4) . 
Genotoxic activities
DNA damage caused by oxidative stress in PRCC and U87MG cells by FRI was determined with measuring 8-OH-dG rate. When investigated the findings in Figure 5 , wavy appearances drew attention. There was not any correlation between concentration and 8-OH-dG level. Based on oxidative DNA damage on the both cells, it was identified that all experiments of FRI were significantly (p < 0.05) enhanced 8-OH-dG level compared to control -and the treatment with concentration of 25 mg/L had the highest 8-OH-dG level (3.87 and 6.11 pg/mL, respectively) on PRCC and U87MG cells after that of mitomycin-C. Even so, there was a huge difference between 8-OH-dG level arose by mitomycin-C and the other treatments. 
Discussion
Although surgical intervention, chemotherapy and radiotherapy are the most important methods in the treatment of GBM, the most common and severe of brain tumors, the side-effect levels of these treatment methods are critical (Zhang et al. 2012) . Treatment methods that cannot be achieved with high results when used alone are more effective in combination (Gauden et al. 2009 ). In recent years, herbal products have also been included in the preferred combined treatment process (Markiewicz-Żukowska et al. 2013; Wang et al. 2013) . The importance of secondary metabolites in these products is great. FRI, a lichen secondary metabolite, utilized in the present study has not been used treatment of GBM according to literature reports.
Viability rates of PRCC and U87MG cells exposed to FRI were negatively correlated with concentration at the 0.01 level (Tables 2-3) . Similarly, concentration-dependent cytotoxic activities of different lichen metabolites on various cells were identified in several studies (Brisdelli et al. 2013; Shrestha et al. 2015) . Lower cytotoxic activity on non-cancerous PRCC cells compared with U87MG cells (Figure 1 ) revealed minimum side effect of FRI. Towering IC50 values calculated for PRCC also supported this suggestion (Table 1) . Furthermore, cytotoxic activity caused by maximum concentration of FRI on U87MG cells was very close to that of mitomycin-C. The data in agreement with the present study belonged to Bézivin et al. (2003) . They reported that different lichen extracts caused low levels of side effects on U251 GBM cell line.
Performed correlation analyses gave an idea of the mechanism that could lead to cytotoxic activity and Pearson correlation coefficients (PCCs) showed that cytotoxic effect caused by FRI on PRCC cells might result from LDH release. There was a significantly (p < 0.01) negative correlation between LDH activity and cell viability (Table 2) . However, same relation was not detected for U87MG cells based on PCCs (Table 3 ). In addition, it was observed that LDH release rose depending the concentration on PRCC cells. In other studies carried out with various lichen compounds such as atranorin and usnic acid, LDH induced cytotoxicity was determined on breast, pancreatic cancer cells (Einarsdóttir et al. 2010) and human keratinocyte cells (Varol et al. 2015) . When investigated antioxidant properties of FRI, it was assessed that it increased TAC on healthy PRCC cells. Based on TAC level of control -on PRCC cells, the most effective treatments having significantly (p < 0.05) high antioxidant capacity were concentrations of 3.125-25 mg/L (Figure 3) . Additionally, TOS levels of some concentrations of FRI on U87MG cells were found higher compared to PRCC cells. Once compared to control -, it was indicated that FRI did not statistically (p > 0.05) increase oxidative stress on both cells. Furthermore, while positive PCC (0.81) between TAC and cell viability were great for PRCC cells exposed to FRI (Table 2) , PCC for U87MG cells was significantly (p < 0.01) negative (Table 3) . These results proposed that the viability rate of healthy PRCC cells would also increase due to the increased antioxidant capacity of FRI.
In correlation analyses carried out for TOS, it was determined that there was only a significant correlation (PCC = 0.42) between TOS and LDH activity on U87MG cells exposed to FRI (Table 3 ). This result suggested that LDH releasing caused cytotoxicity on cancerous cells could associate with oxidative stress. It was not measured any significant correlation related with TOS activity on PRCC cells (Table 2) . Therefore, it was advised that when FRI was used in certain concentrations, it did not cause oxidative stress on healthy cells. Moreover, low concentrations of FRI caused an increase in antioxidant capacity in PRCC cells.
Many studies on the oxidative capacities of the lichens have been carried out in recent years. The studies about scavenging of oxidative radicals such as 2,2-diphenyl-1-picrylhydrazil, superoxide and nitric oxide by different lichen compound and extracts took the lead. While Thadhani et al. (2011) used sekikaic and lecanoric acid in these treatments, Grujičić et al. (2014) revealed antioxidant capacity of methanol extract obtained from Cetraria islandica. Another lichen-antioxidant related study was carried out by testing physodic and olivetoric acid obtained from Pseudevernia furfuracea on human amnion fibroblasts and it was detected that these metabolites increased the antioxidant capacity of the cells . Otherwise, studies on the oxidant properties of lichens are also common (Paudel et al. 2012; Ghate et al. 2013; Kumar et al. 2014) . Aforementioned oxidative capacity results of the lichens suggested that many lichen components could increase the antioxidant capacity of various cells when used in certain doses. In order to genotoxic effect of FRI on PRCC and U87MG cells, 8-OH-dG rate performing in the cells was determined. It was found that FRI statistically (p < 0.05) increased the level of 8-OH-dG on both cells compared to control -but these values were far from that of mitomycin-C ( Figure 5 ). Taking into account the PCCs calculated for 8-OH-dG adducts in U87MG cells, only a significant negative correlation (p < 0.05) was found between cell viability and 8-OH-dG level (Table 2) . Therefore, cytotoxicity in cancerous cells was predicted to be caused by genetic damage.
Previous studies about genotoxic and nongenotoxic effects of different lichen species support the current work. In a study on the biological activities of C. islandica on lymphocytes in vitro, the genotoxic effect due to the dose was revealed (Grujičić et al. 2014) . Another lichengenotoxic effect study was performed on human breast cancer cell lines and it was defined that Hypogymnia physodes increased genotoxic activity depending on the concentration . There are also studies that some lichens do not show genotoxic effects. These studies performed with different lichen species such as Usnea filipendula (Çelikler Kasımoğulları et al. 2014) , Lecanora muralis (Alpsoy et al. 2011) and Cetraria aculeata (Zeytinoglu et al. 2008) usually are focused on human lymphocytes.
Conclusions
Taken together, the results suggested that FRI had anticancer activity in vitro against U87MG-GBM cells. On the other hand, side effects of FRI were also tested on healthy PRCC cells and low rates were encountered. Cytotoxic activity caused by FRI on U87MG cells rose depending the concentration and FRI was found to be a compound that increased antioxidant capacity in PRCC cells when used at certain concentrations. In summary, it could be stated that tested lichen compound, FRI had a strong antioxidant and anticancer activity in vitro, which advised that lichens could be good natural antioxidant and anticancer agents.
